Purpose: To evaluate the use of implant-supported overdentures (IOD) and implantsupported fixed dental prostheses (IFDP) in patients with edentulous mandibles among international prosthodontists. Materials and Methods: A questionnaire was sent by e-mail to all clinically active prosthodontists in the International College of Prosthodontists with questions related to implant treatment of the edentulous mandible performed in 2015. Results: One hundred and sixteen prosthodontists from 33 countries responded to the questionnaire. The vast majority of the responding prosthodontists was faculty or worked in private practice, and the great majority had performed treatment with mandibular implant-supported dental prostheses; however, two thirds of the respondents reported that <20% of the implant patients in their clinic had received treatment related to edentulous mandibles. The majority reported using 2 implants (84%), while 13% used 4 for overdenture retention. There were great variations regarding retention systems used for mandibular IODs; the most common was individual Locator attachments. Cost was considered the most common reason to choose mandibular IOD, There was a wide variation of materials used for mandibular IFDPs. The most common combination included milled titanium frameworks and acrylic resin teeth. Conclusions: This survey, completed by 116 prosthodontists from 33 countries, showed that implant treatment for edentulous mandibles is common, but there was great variation among the respondents regarding amount of treatments performed, design, and materials used for the implant prostheses.
With the introduction of osseointegrated implants, Brånemark and co-workers suggested implant-supported fixed dental prostheses as the preferred treatment for edentulous jaws. 1 However, several studies later reported excellent results when using fewer implants for retention of overdentures, and that became the treatment of choice for the edentulous mandible in many countries due to lower cost. [2] [3] [4] [5] [6] A survey on prosthodontic treatment of edentulous mandibles using implant-supported dental prostheses was conducted in 2001 with participating clinics in 10 countries in Europe, Asia, and North America. The results showed great differences in the reported number of treatments with fixed and removable implant prostheses. The lowest prevalence of mandibular implant-supported overdentures (IODs) was reported from Sweden (12%) and the highest from the Netherlands (93%). 7 The variation in dental insurance systems may have played a major role in the choice of treatment. In 2014, a similar survey was conducted in Sweden. A questionnaire was mailed to all licensed prosthodontists to capture their practice profiles; the results showed only minor changes in the infrequent use of IODs over the last decade. 8 Questionnaire response rates have dropped significantly during the last decade, and problems related to such lower rates have been extensively reviewed and discussed. [9] [10] [11] [12] [13] [14] [15] [16] Although there is an array of published studies on implant treatments, little is known about the number of implants preferred among dentists in various countries for the support of fixed and removable dental prostheses. Moreover, choice of materials for implant-supported fixed and removable dental prostheses varies between dentists and also between countries depending on factors such as insurance systems and national standard of care guidelines. [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] The objective of this study was to capture different options and self-reported number of treatments with implant-supported fixed and removable prostheses among prosthodontists internationally for the treatment of edentulous mandibles and to compare the results with findings from the 2001 study.
Materials and methods
Based on findings in the previous survey 7 a new study was planned and presented to past and present presidents of the International College of Prosthodontists (ICP). The proposal received the support of the ICP Board and main office to be distributed to the members of the ICP. The study was also reviewed and approved by the Human Subjects Committee at the University of Washington, Seattle, WA. The ICP office assisted with e-mailing the questionnaires to the ICP affiliate and constituent members. Student members and those retired from clinical activity were excluded. The e-mail was sent to 906 ICP members. The questionnaire included 13 questions related to the treatment, self-reported number of mandibular implant-supported fixed and removable dental prostheses, and materials used for mandibular implant-supported prostheses. The questions were identical to those used in the 2001 study; additional questions were added on materials used in the prostheses and the country of residence. The questions related to treatments performed during the year 2015 and were as follows: Table 7 . 
Results
A total of 495 ICP members opened the e-mail, and 127 accessed the link to the questionnaire. A second e-mail was sent to the 411 members who had not opened the e-mail in the first sending.
A total of 116 prosthodontists (12.8%) responded to the survey. The six continents represented by the respondents are presented in Table 1 . The 116 respondents represented 33 countries. From Australia, South Korea, and the US there were > 10 responses; 3 to 9 responses came from Canada, Germany, Italy, Japan, Sweden, Switzerland, Taiwan, and the UK, whereas 1 or 2 responses emanated from the remaining countries: Belgium, Chile, China, Croatia, Czech Republic, Finland, France, Greece, India, Israel, Kuwait, Malaysia, the Netherlands, New Zealand, the Philippines, Portugal, Romania, Singapore, Slovenia, South Africa, Turkey, and the United Arab Emirates. The question related to type of employment was answered by 107 of the respondents; the vast majority of them worked as faculty or in private practice (Table 2) .
Implant treatment of the edentulous mandible
Almost two thirds of the respondents reported that fewer than 20% of their implant patients received treatment of edentulous mandibles (Table 3) . 
Mandibular implant-supported overdentures
The majority of the respondents had performed treatments with mandibular implant-supported overdentures (IODs) as well as implant-supported fixed dental prostheses (IFDP). Only 9% of the 116 respondents had not performed any IOD during 2015, while the corresponding number for the IFDP was 16% (Table 4) . The majority (84%) reported using 2 implants, while 13% used 4 implants for overdenture retention. Only one respondent used a single implant for retention of the mandibular overdenture, and two reported using 3 implants. There were great variations in the use of retention system for mandibular IODs; the most common was separate Locator attachments (Table 5) . Cost was considered the most common reason for choosing mandibular IODs over IFDPs; however, a number of other reasons related to patient choices were also mentioned (Table 6 ).
Responses regarding demand for IOD varied greatly. About half of the participants did not report increased demand for IODs in relation to IFDPs during the last few years, whereas approximately 25% responded either "yes" or "don't know."
More than half of the respondents (57%) stated that their patients with IODs were equally satisfied as those treated with IFDPs, whereas slightly more than a third (37%) claimed the patients were less satisfied. A few (8%) thought that the IOD patients were more satisfied than those treated with IFDPs.
Mandibular complete-arch implant-supported FPDs
Most of the prosthodontists reported fabrication and insertion of 1 to 10 IFDPs during 2015, while only a few had not performed any such treatment (Table 4) . Materials used for IFDPs varied widely. The most common combination included milled titanium framework and acrylic resin teeth; this was preferred by one third of the respondents (Table 7) . Other combinations besides those presented in the table were mentioned and included milled chrome-cobalt framework with acrylic denture teeth or ceramic veneers, milled titanium framework and porcelain teeth, monolithic zirconia, and fiber composite frameworks.
Discussion
The present survey included responses from 116 prosthodontists from 33 countries and can therefore be of interest to prosthodontists worldwide. In this study only 13% responded to the questionnaire distributed by e-mail; the relatively small number of respondents from each country precluded any attempt to analyze possible differences between countries considering treatment of mandibular edentulous mandible with implant-supported dental prostheses.
Low response rate has been reported as an increasing problem, and could be a result of many surveys being distributed from academic institutions and also requests to complete commercial surveys. 9 Low response rates expressed as "questionnaire fatigue" have been reported. 10, 11 In Sweden previously high response rates in health-related surveys have dropped substantially over the years. 12, 13 Even large cross-sectional opinion surveys have shown a significant drop in response rates.
14 Even when using complex weighting procedures to compensate for low response rates there have been many surprising failures recently in predicting results of referendums and elections.
The response rate to a survey has been considered to be an indicator of the quality of questions provided and the data generated. The authors of this paper do not believe it needs to be so. High response rates are often used as evidence of the validity of the findings, but several factors should be considered, and high response rate is only one component and does not automatically guarantee the validity of the results. 9 Non-response error is a function of non-response and the possible differences between responders and non-responders. 9, 15 According to McCarthy and MacDonald, "A low response rate does not necessarily entail non-response error. Conversely, it cannot be assumed that surveys with comparatively high response rates do not have non-response bias." 16 Most responding prosthodontists had performed both removable and fixed mandibular implant-supported dental prostheses in 2015. In studies on IODs the 2-implant protocol has shown excellent results together with high patient satisfaction; it has been the preferred treatment option over the last decade. 2, 4, 5, 17, 18 In this study, the great majority of respondents (84%) reported that they used that treatment option, while 13% stated they routinely used 4 implants. A 10-year randomized clinical trial that compared treatment outcomes with mandibular IODs on 2 or 4 implants found no statistically significant differences between the groups with regard to the studied clinical or radiographic parameters of the peri-implant tissues. In addition, no differences in patient satisfaction and maintenance were observed between the groups. 19 A systematic review on the number of implants for mandibular IODs concluded that implant survival rate of mandibular overdentures was high regardless of the number of implants. The study reported that number of implants was not likely to have substantial influence on denture maintenance. Patient satisfaction has been reported to be typically high regardless of the number of implants. 20 Several studies have reported promising results using a single implant to retain mandibular IODs, 6, 21, 22 but only one prosthodontist reported using that treatment modality. There may still be concern among prosthodontists toward this concept, in line with the conclusion of a recent systematic review and meta-analysis on implant survival in 1-versus 2-implant IODs. It was reported that even if the postloading implant survival of a single IOD was not significantly different from two IODs, the literature of prospective comparative studies is scarce. It has been suggested that, before recommending mandibular single IODs as a treatment modality, long-term observations are needed, and a larger range of functional, prosthodontic, and patient-centered outcome measures should be considered. 23 In this study the most common denture retention system was separate Locator attachments (70%); however, there was no evidence of obvious benefits of any retention system for mandibular IODs, 5 and this is also reflected in the wide distribution of choices (Table 5 ). High noble gold alloy is no longer the framework material of choice for mandibular IFDPs. 8, 24 In this study, titanium and chrome-cobalt frameworks with acrylic resin denture bases and acrylic resin denture teeth were commonly used, but a wide variation of material combinations was reported (Table 7) . In a recently published survey among Swedish prosthodontists, titanium was found to be the predominant framework material for IFDPs (response rate 83%). 24 An interesting finding was that 50% of all frameworks were fabricated using milling technique, which seems to have gained popularity among dentists worldwide. Milling technology allowed for higher precision/improved fit as compared with the traditional casting technique with noble/high noble alloys. 25, 26 The use of base metal frameworks such as chrome cobalt and titanium has also substantially reduced the cost for prostheses when compared with traditional noble/high noble alloys.
Even if cost was by far the most common reason mentioned for choosing an IOD instead of a fixed prosthesis, a number of other reasons were also considered: anatomical, medical, and psychological (Table 6 ). This indicated that the choice of implant prosthesis is a multifactorial process involving technical, as well as patient-related factors and patient preferences. Almost a quarter of the prosthodontists reported that IOD treatment was chosen over IFDP because patients had expressed fear of extensive surgery or bone augmentation. A study comparing mandibular IOD treatments supported by a single or two implants reported that almost 50% of the subjects being screened and approved for inclusion denied enrollment due to fear of surgery. 27 This was in accordance with the findings in this study, where fear of extensive surgery was the main reason to decline treatment with IFDP. Also given the fact that more than 40% of the edentulous patients were happy with wearing IOD dentures with improved retention indicated that the desire/demand for IFDP was lower than expected. Even if no comparative analyses of the collected data have been performed, the results showed that implant treatment of edentulous mandibles was common among the responding prosthodontists; however, amount of treatments performed, prosthesis design, and materials used varied greatly.
Conclusions
This survey, completed by 116 prosthodontists from 33 countries, showed that implant treatment of edentulous mandibles was common, but there were great variations regarding choice of treatments performed, design, and materials used for the implant prostheses.
